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Abstract 
In this study we investigated pre-service mathematics teachers’ experiments and understandings about fractal dimension. The 
result showed that approximately all pre-service teachers learned how to find a natural object’s fractal dimension, but most of
them did not believe that dimension concept. Some of them changed their views about there is only one unique dimension. 
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1. Introduction 
The general objectives of geometry education can be summarized as student should use geometry within the 
process of problem solving, understanding and explaining the physical world around them (Baki, 2001). Euclidean 
geometry has been used in our schools more than two thousand years. This geometry deals with shapes such as 
perfect lines and smooth curves. These shapes are plentiful in our world, but most of them are man-made. The 
physical world around us cannot be explained by only Euclidean geometry (Baki, 2001). Because, we cannot meet 
perfect cone mountains and straight lightning in nature. So, the concept of fractal geometry was discovered by 
Mandelbrot in attempt to quantify many irregular shapes found in nature that are difficult to describe using 
Euclidean geometry. Fractal geometry is known as the geometry between dimensions. Objects in fractal geometry 
are neither one, two or three dimensional but somewhere in between. To explain the concept of fractal dimension, it 
is necessary to understand what we mean by dimension. There is no constancy at the perceptual level nor is there 
any universally agreed upon constancy at the theoretical level (Kaye, 1989). Our intuitions concerning dimension 
develop from Euclid’s classification of geometrical objects as a line has dimension 1, a plane dimension 2 and a 
cube dimension 3 (Devaney, 1998; Bowers, 1991). But what is the dimension of a crumple ball or coast of Turkey? 
Fractal dimension is the answer of this question. It is a way to measure the degree of complexity of an object 
(Peitgen and et al, 2004). In the course we studied three forms of fractal dimension: self-similarity dimension, 
compass dimension and box-counting dimension. These dimensions are all related and coherent with Euclidean 
dimension.  
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In the literature, we encounter many studies about teaching and learning fractal dimension. For example, Lewis & 
Kaye (1990) prepared activities about fractal geometry for high school students. In the activities, students used 
“compass dimension” method on a map for calculating a lake’s dimension. They concluded that students expressed 
enthusiasm for the fractal course and experienced an appreciation of the concept of fractal dimension as it relates to 
ruggedness or complexity. Also, Bowers (1991) examined the meaning of fractals and the epistemological obstacles 
on the teaching and learning of fractal concept. He determined students’ understandings and obstacles about 
dimension of only strictly self-similar fractals, not natural fractals. McCartney and et al. (2008) calculated the 
dimension of a range of maps of Ireland dating from 1567 to 1893. He showed that for maps produced before 1650 
the fractal dimension of map can be correlated to its date of publication. Moreover, he suggested that his study could 
be used in a classroom project to investigate the history of cartography for a particular region. Esbenshade (1991) 
developed the idea of fractals through a laboratory activity that calculates the fractal dimension of ordinary white 
bread and compare it other breads in his physics lesson in Missouri Scholars Academy. In the conclusion, because 
the activities showed students the practical value of a fractal description of structures, he suggested this laboratory 
activity for high school students.  
In the literature, articles about teaching fractal dimension with classroom activities such as laboratory and 
computer experiments are more widespread, but there are a few studies about how students understand the fractal 
dimension. In this context, this study intends to reflect the students’ experiments and determine the understandings 
about fractal dimension. For that reason, the problems of the study are “What are the pre-service teachers’ 
understandings about fractal dimension through their experiences in their project?” and “What are the pre-service 
teachers’ experiences in the fractal dimension project?”  
2. Method 
Case study method was used in this study. Because case studies can enable readers to understand ideas more 
clearly and comprehend how ideas and abstract principle can fit together (Cohen and et al., 2007). Moreover, case 
studies can establish cause and effect, indeed one of their strengths is that they can use different instrument such as 
interviews, observation and document analysis. 
2.1.  Project Content 
In fractal geometry course, the pre-service teachers were given two projects as groups: “How long is the coast of 
Turkey?” and “Calculate the dimension of a tree”. Each group was composed by three students. In project, pre-
service teachers calculate the dimension of natural fractals and compare their results with Euclidean dimension. 
Indeed, they explain their experiences with examples during accomplishing their projects.   
2.1. Sample  
This study took place during the spring of 2009 and consists of 30 pre-service elementary mathematics teachers. 
These pre-service teachers have prior knowledge about fractals. 
2.2. Instrument 
In the study, pre-service teachers’ project reports and open-ended questions were used for date collection. The 
questions were about their experiences and gains during the projects and views about fractal and Euclid dimensions. 
2.3. Data Analysis 
Qualitative data were examined through descriptive analysis. Descriptive analysis allows to arrange data 
according to the themes of research’s problems and to be submitted to attention of the questions during the 
observation and interviews (YÕldÕrÕm & ùimúek, 2005). 
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3. Results (Findings) 
The frequency and percentage of the pre-service teachers’ understandings about fractal dimension are given in 
Table 1. 
Table 1. Pre-service teachers’ understandings about fractal dimension
Table 1 showed that all the pre-service teachers agreed with the fractal dimension were very interesting and 
different because it was the first time all of them met the fractional dimension. Moreover, %73 defined the fractal 
dimension as the degree of an object’s complexity. However, %67 of the pre-service teachers did not believe the 
fractal dimension. But, %33 of the pre-service teachers believed the fractal dimension in visual. %27 said that fractal 
dimension was close nature and helped to understand the nature. %20 of the pre-service teachers thought that fractal 
dimension was a way to examine the object deep and detailed.  
Some of the views of groups of pre-service teachers about fractal dimension are below: 
G7: “In the fractal dimension, we can get an opportunity for examining objects elaborately. For example, when 
we change the magnification factor, we measure Aegean coast more long.”
G4: “… that is, the complexity of the object gives us its dimension. Before this course, someone says this object 
has 2, 36 dimensions, I cannot believe him. An object must have 2 or 3 dimension. But, I saw in the lesson, objects 
have fractional dimension. The appearance of that object has length and wide, but its plane is rough and zigzag.”
The reflections of experiences of pre-service teachers summarize below. In the paper, we only give one project’s 
data. 
In the project of how long is the coast of Turkey? pre-service teachers found a map and use the compass method 
for calculating the dimension of Black sea coast, Mediterranean coast and Aegean coast. After that, they compared 
dimension of coasts and their shapes. For example, group G3 uses a ruler and measure Black sea coast with different 
magnification factor and make a log-log table (Figure 1). 
Figure 1. Log-log table of Black sea coast   
After the log-log table they drew a log-log graph with vertical coordinate represent the number of measure and 
horizontal coordinate represent the magnification factor (Figure 2). 
Students’ understandings f % 
Fractal dimension is very interesting and different 30 100 
Fractal dimension is the degree of objects’ complexity  22 73 
Euclidean dimension is more believable than fractal dimension  20 67 
Fractal dimension is more believable in  visual 10 33 
Fractal dimension can cause to understand nature more 8 27 
Fractal dimension can help to examine the objects deep and detailed 6 20 
Fatih Karakus¸ and Temel Kösa / Procedia Social and Behavioral Sciences 2 (2010) 1032–1036 1035
          Figure 2. Log-log graph of Black sea coast           
According to Figure 2, group G3 drew three lines having different slopes. Actually, they wanted to find how the 
slope changes with the consecutive measurements. So, they calculate the slope of the lines and decide to the 
dimension of Black sea coast (Figure 3). 
Figure 3. The slope of the line 3rd.
In relation to Figure 3, group G3 decided to the dimension of Black sea coast is the slope of 3rd line as 1,045. 
Similarly, they found the dimension of Mediterranean and Aegean coast respectively as 1, 145 and 1, 365. They 
expressed why they chose the slope of the 3rd line as dimensions of the coasts in the following:  
Figure 4. Descriptions of group G3 about dimensions of coasts. 
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According to the Figure 4, they expressed that the last measurement calculated the coast is more detailed. 
Moreover, the slope of the lines increased with respect to the measurement number.  So, they denoted that the 
dimension must be the slope of third line. In addition, they concluded that when the jaggedness and rugged 
increased, the dimension increased, positively. 
4. Discussion 
This study explored how pre-service teachers’ understanding the fractal dimension and what experiences they 
have had when calculating the fractal dimension of a natural object. Table 1 illustrates pre-service teachers’ views 
about fractal dimension. All the pre-service teachers were surprised and shocked about fractal dimension because, it 
was the first time they met the fractal dimension. This result is similar to the literature about teaching and learning 
fractal dimension (Esbenshade, 1991; Bowers, 1991; Lewis & Kaye, 1990). Moreover, %73 of pre-service teachers 
defined the fractal dimension as the degree of objects’ complexity. This definition shows that most of the pre-service 
teachers understand the concept of fractal dimension. Especially, calculating the dimension of coasts of Turkey 
project was more helpful to make a definition about fractal dimension for them. However, %67 did not believe the 
fractal dimension. The reason may be that pre-service teachers’ intuitions concerning dimension develop from the 
seeds of Euclid’s classification of geometrical objects as a line has dimension 1, a plane dimension 2 and a cube 
dimension 3. This Euclidean classification has been observed in students’ answers in the projects. This result is 
similar to the Bowers (1991) study’s result. Moreover, they met fractional dimensions first and this situation makes 
them strength. But, %33 pre-service teachers believe the fractal dimension. This result shows that they change their 
dimension views according to accept that there should be different dimensions. Some students declared that fractal 
dimension helped to understand the nature better than Euclidean dimension because, in the Euclidean dimension 
pre-service teachers know and use only regular shapes such as triangle, cube, but in the fractal dimension they get an 
opportunity to examine the natural objects. When studying the pre-service teachers’ experiments, we observed that 
most of them know and use fractal dimension successfully. They knew the fractal dimension as the slope of the line 
in log-log graph.  
5. Conclusion and recommendation 
In this study, pre-service teachers introduced fractal dimension and learned a few ways to use fractal dimension 
concept. Approximately all pre-service teachers learned how to find a natural object’s fractal dimension, but most of 
them did not believe that dimension concept. Some of them changed their views about there is only one unique 
dimension. Moreover, pre-service teachers got opportunity for examining natural objects with using mathematics. 
Fractal geometry begins to enter the core-curriculum. So, attention needs to be given to the inclusion of this new 
mathematics in educational programs. The appropriateness of fractal dimension at different levels of the K12 
curriculum needs empirical examinations.       
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